Background Potential risks on future fertility have become a dominant issue in consultation and management of newly diagnosed young cancer patients. Several fertility preservation strategies are currently available. Of those, ovarian stimulation followed by IVF and embryo cryopreservation is the most established one and is especially applicable in reproductive aged breast cancer patients. Aim The aim of this study is to provide a comprehensive review on ovarian stimulation and IVF for fertility preservation in newly diagnosed breast cancer patients. Methods Review of relevant literature is available through PubMed and Google scholar. Results The use of IVF for fertility preservation in breast cancer patients raises dilemmas regarding efficacy and safety of controlled ovarian stimulation. Among these are the suggested role of malignancy and BRCA mutation in reducing ovarian response to stimulation, strategies designated to protect against hyper-estrogenic state associated with stimulation (co-treatment with tamoxifen or letrozole), and possible adjustments to accommodate oncologic-related time constraints. Conclusion Ovarian stimulation followed by IVF forms an important fertility preservation strategy for newly diagnosed young breast cancer patients, though live born rates following thawed embryo transfer in these patients are still lacking. Recent advances in controlled ovarian stimulation protocols provide practical options for some of the challenges that breast cancer patients present.
Introduction
Breast cancer is the most common malignancy diagnosed among reproductive aged women. In accordance with an ongoing rise in its incidence among young women [1, 2] , and with the current social trend to delay motherhood until later in life, we nowadays witness an increasing number of patients who have not completed childbearing when cancer is diagnosed and who are likely to desire pregnancy once cure has been confirmed. Although previously thought to be contraindicated purely on theoretical basis, pregnancy following successfully cured breast cancer is currently not considered unsafe, including in patients with a history of hormone receptorpositive disease [3] .
Reproductive-aged breast cancer patients often present with biologically aggressive disease [4, 5] , and many will be treated with adjuvant cytotoxic therapy which may impair gonadal function and threaten future fertility. The commonly accepted recommendation to avoid pregnancy for a minimum of 2 years after cancer treatment is completed [6] , further compromising chances for future biological child birth by pushing conception attempts into the later stages of reproductive time span. It is difficult to accurately predict one's risk for future sterility; though the occurrence of chemotherapy-induced ovarian failure can be estimated according to patient's age, type of regimen Capsule A comprehensive review on ovarian stimulation for fertility preservation in newly diagnosed breast cancer patients, along with a preliminary presentation of our reassuring experience with BRCA mutation carriers undergoing this procedure.
used, and cumulative dose [7] . With reference to agents commonly used for breast cancer, alkylating agents have the greatest gonadotoxic potential. Taxans cause an intermediate ovarian damage, whereas methotrexate and 5-fluorouracil are associated with a lower toxicity risk [8] [9] [10] [11] . The extent of anthracycline-related ovarian toxicity is controversial. According to our previous findings, it is expected to be low [10] .
Fertility concerns among young cancer patients are more than legitimate and have a true role in determining quality of life in survivors [12, 13] . Current guidelines recommend an elaborate discussion on family planning matters and early referral for fertility preservation on presentation [14] [15] [16] . To reduce ovarian damage, patients can be prescribed with a GnRH analogue during chemotherapy. Though the benefit of this strategy is doubtful, a recent study has clearly found GnRH analogue to have a protective ovarian effect in hormonal receptor-negative breast cancer patients [17] . Anyhow, medical consultation usually includes active fertility preservation methods: ovarian tissue cryopreservation, in vitro maturation (IVM) of oocytes, and controlled ovarian hyperstimulation (COH) followed by oocyte/ embryo banking. The latter forms an available, well-established, and most used technique. However, when performing IVF for breast cancer patients, several considerations and adjustments regarding efficacy and safety should be made.
Ovarian response in COH cycles
Among the different fertility preservation techniques available, embryo cryopreservation is the most established approach. Pregnancy rates per thawed transferred embryo are well known, but most data are concluded from cycles performed for infertile patients. Current literature offer sparse data on definitive success rates following embryo banking for cancer patients. There are scant reports based on small series which present reassuring live born rates in cancer patients who have returned for thawed embryo transfer [18] [19] [20] [21] . The largest series, which include 21 cancer patients, display that pregnancy and live born rates achieved per transfer of thawed embryos, do not differ between fertility preservation patients and infertile (tubal/male factor) patients [22] .
Oocyte cryopreservation by means of vitrification is nowadays considered a standardized technique [23] and forms a viable option for patients with no permanent male partner. Most evidence, to date, suggest that vitrified oocytes are equivalent to fresh oocytes in terms of fertilization rates, embryo development, implantation rates, and pregnancy rates [24] . This has been repeatedly shown in oocyte recipients and in infertile patients, with a recent study also showing that normal obstetric and perinatal outcomes can be expected [25] . A large meta-analysis, however, has outlined lower ongoing pregnancy rates (>20 weeks of gestation) when warmed oocytes were in use [26] , and this finding was proposed to stem from studies heterogeneity. As opposed to donors and infertile subjects, for oncologic patients, data is currently limited to several case reports and small series [27] [28] [29] [30] [31] [32] . In the meantime, while information on outcomes for this population is awaited, experience drawn from infertile patients/oocyte recipients can be used when consulting cancer patients seeking fertility preservation. Experienced hands are in need to provide favorable results, and local success rates should be cautiously taken into account.
Clearly, appropriate ovarian response to stimulation with exogenous gonadotropins is a prerequisite in maximizing chances for future pregnancy. Number of collected oocytes and their quality play a major role in estimating the expected efficacy of this procedure, especially in cases where only one cycle can be performed due to time constraints. Recent exposure to chemotherapeutic agents may result in morphologic/ genetic abnormalities in retrieved oocytes and in reduced ovarian response to stimulation [33, 34] . Therefore, COH is contraindicated in a patient who has recently (∼6 M) been treated with chemotherapy. It has been suggested that the presence of malignancy may adversely affect performance in COH cycles, even before exposure to gonadotoxic agents. In some sense, impaired ovarian response in COH cycles may be anticipated in chemotherapy-naïve cancer patients due to a higher catabolic state resulting in elevated stress hormones and endogenous opiate production [35] , but in an early staged breast cancer disease, this seems unlikely. Table 1 presents studies that have been taken to assess ovarian performance in the face of cancer disease, in all of which breast cancer disease was a predominant diagnosis. Among these studies, only two revealed lower oocyte yield in cancer patients. Several studies described other findings pointing towards reduced IVF performance in the presence of malignancy, such as increased poor response rates [37] and reduced fertilization rates [19] .
It is important to note, however, that evaluating cancer patients for their innate ovarian response may not be as straight forward as it seems. In one study [39] , diminished oocyte yield was mainly observed among patients with hormonal dependent tumors, who were systematically co-treated with letrozole during stimulation in order to reduce estrogen exposure. The authors suggested that the inferior performance may be attributed to the different COH protocol in use, rather than to the neoplastic process itself. In another study, results might have been confounded by lower stimulation dose aimed to prevent ovarian hyper-stimulation syndrome (OHSS) [38] . OHSS may result in further delay in cancer treatment; hence, GnRH-a for ovulation triggering is used in high risk patients to minimize the risk of OHSS [40] .
BRCA mutation and IVF performance
In young breast cancer patients, poor IVF performance has been explained by a possible association between BRCA mutation carriage and reduced reproductive competence. However, this association is very controversial, and studies show contradictory results by means of parity, age at menopause, and AMH levels ( Table 2 ). Low performance in IVF was reported in only one small study which evaluated young breast cancer patients undergoing COH prior to cancer treatment [50] . Four of 12 BRCA1 carriers displayed poor ovarian response compared to only two of 68 non-carriers and untested patients. Carriers were also found to have a significantly reduced mean oocyte yield compared to non-carriers.
Due to high prevalence of BRCA mutations in our local population (∼2.5 % in Ashkenazi Jews), and together with an increasing demand for fertility preservation among carriers diagnosed with cancer, we took a special interest in evaluating the BRCA effect on COH outcomes. In a 10-year period, 70 pre-chemotherapy breast cancer patients underwent COH for (Table 3) . Our reassuring experience with BRCA mutation carriers highlights the relevance of COH and embryo banking as a fertility preservation strategy in these patients. Altogether, when appropriate, BRCA mutation carriers can and should be offered with IVF before cancer treatment has begun.
Estrogen exposure
Conventional ovarian stimulation protocols performed for IVF are associated with a marked elevation of estradiol, often to levels ten times higher than physiologic E2 levels. Increased circulating E2 levels may induce proliferation and dissemination of breast cancer cells, although there is no definite evidence that the short-term increase in E2 levels is detrimental. However, some oncologists and fertility preservation practitioners discourage the use of traditional COH regimens in breast cancer patients. Until several years ago, breast cancer patients were usually offered with natural IVF cycles when fertility preservation was needed. However, natural cycles resulted in a single embryo in about 60 % of cycles [54] , thus not providing the patient with real chances for a future pregnancy. To increase the amount of embryos available for cryopreservation, ovulation induction using tamoxifen/letrozole alone or in combination with low-dose FSH was introduced. These regimens resulted in an improved, yet still relatively low oocyte yield [54, 55] . In view of this limitation and along with the need to minimize the potential risk from a short-term hyper-estrogenic state, COH protocols specially designated for breast cancer patients were developed.
A commonly used such regimen involves the use of letrozole with a concomitant administration of exogenous gonadotropins. Letrozole, a competitive inhibitor of the aromatase enzyme complex, has an important role in treatment of hormonal receptor-positive metastatic and non-metastatic breast cancer patients. As a third-generation aromatase inhibitor, it avoids the conversion of androgenic substrates to their respective estrogenic products. By reducing estrogen levels, it also triggers the hypothalamic-pituitary axis to raise gonadotropin secretion. According to a suggested protocol [55] , 5 mg of letrozole is started on the 2nd-3rd day of the cycle, followed by initiation of rFSH or hMG in variable doses. GnRH antagonist is used to avoid premature LH surge [56] . After oocyte retrieval, letrozole is continued until a proper decline in E2 levels is documented. This protocol is associated with peak E2 levels that are lower than those seen in conventional IVF cycles and is considered cost-effective due to a reduced gonadotropin requirement [57] . Although it was claimed to result in outcomes comparable to those seen in standard IVF cycles, oocyte maturity rate was found to be compromised. To overcome this finding, it was suggested to delay ovulation triggering until the dominant follicle reaches a greater diameter (20 mm). However, even when implementing this triggering threshold, high rate of oocyte immaturity was still described by other groups [19, 58] . Additionally, in a retrospective cohort study of 16 IVF units, a significantly lower oocyte yield in patients treated with this protocol was observed [59] . In terms of safety, although E2 reduction is clearly achieved when using letrozole, some patients still exhibit levels which are higher than those observed during a natural ovulatory cycle. In fact, some patients display very high E2 levels even when treated with letrozole, and there is no available information regarding the maximal E2 levels that are considered safe. However, based on a short-term follow-up (2 years on average) of 79 patients, this protocol is not expected to alter recurrence rates [60] .
An additional regimen aiming to prevent the possible detrimental effect of increased E2 levels involves co-administration of tamoxifen during IVF stimulation. Tamoxifen is a selective estrogen receptor modulator (SERM), which acts as a competitive estrogen antagonist in breast tissue. It also blocks estrogen receptors found in the CNS, leading to attenuation of estrogenic-negative feedback and increased levels of endogenous gonadotropins. Correspondingly, in patients with active ovaries treated with tamoxifen, extremely high E2 levels are commonly observed [61] . However, tamoxifen's role in prophylaxis and treatment of hormonal receptor-positive breast cancer disease is well established. It reinforces blockage of estrogen receptors found on cancerous cells and has been proven to be beneficial in patients with and without reserved ovarian function [62] [63] [64] [65] . We have recently presented a flexible IVF protocol which incorporates tamoxifen to standard IVF regimens (GnRH-a and GnRH-antagonist). In this protocol, tamoxifen is not used for the purpose of ovarian stimulation, but rather for protection against high E2 levels during stimulation. Tamoxifen 20 mg/day is added a few days after the initiation of gonadotropins when E2 levels are rising and continued throughout the entire COH protocol (Fig. 1) . No stimulation effect is attributed to tamoxifen because it is given after pituitary suppression is obtained with concomitant use of GnRH agonist or antagonist. In our prospective cohort of 70 breast cancer patients undergoing IVF for fertility preservation, tamoxifen was added for hormonal receptor-positive patients or when receptors status was yet to be known [61] . Patients who were co-treated with tamoxifen showed no decline, but rather a non-significant improvement in IVF outcomes (oocyte yield, embryos stored), and a trend towards higher E2 levels was observed. Reassuringly, such increased levels are commonly seen when tamoxifen is given as a long-term adjuvant agent, with its clear beneficial impact on prognosis. In a long followup (3-10 years), no increase in cancer recurrence or mortality was observed. Conveniently, and in contrast to letrozol which is not licensed as a fertility drug, tamoxifen has been commonly used for ovulation induction for many years and no special approval is needed for its use in this context.
Timing and schedule flexibility
In standard IVF practice, stimulation is started at the early follicular phase, in the hopes to achieve an optimal synchronization with innate ovarian physiology. Stimulation with gonadotropins may take up to 14 days and is sometimes preceded by 2 weeks of pituitary downregulation with GnRH agonists. Alternatively, GnRH antagonist may be used to attain an immediate pituitary suppression, thereby allowing for a shorter time interval from admission to ovum pickup. When IVF is performed for the purpose of fertility preservation, oncologic considerations dictate the time available for ovarian stimulation. With the exception of patients necessitating neo-adjuvant therapy for whom chemotherapy is initiated within 2-3 weeks, a window of 6-8 weeks commonly exists between surgery and the start of chemotherapy. Supposedly, in an early-staged disease, this interval of time can be extended to up to 12 weeks without compromising prognosis [66, 67] . This allows a reasonable period to complete an IVF cycle, assuming that early referral is carried out. When possible, it is desirable to perform more than one cycle in order to obtain more mature oocytes and maximize chances for future pregnancy [68] .
With the aim to prevent delay in cancer treatment and allow for a more flexible schedule, non-conventional start stimulation protocols have been developed. Such protocols rely on the presence of multiple waves of follicular recruitment within a single inter-ovulatory interval and are independent of endometrial synchronization [69] [70] [71] . Initiation of ovarian stimulation during the luteal phase was originally described following induced luteolysis performed for two breast cancer patients [72] . Upon presentation, patients were started on GnRH antagonist. This resulted in regression of corpus luteum, decrease in progesterone levels, with menses following 2-4 days later. At that time, gonadotropin (HMG) administration commenced. Later on, several authors [73, 74] reported that GnRH antagonist and gonadotropins can be started at the same time, with a satisfactory ovarian response. In both studies, stimulation was done using recombinant FSH only to avoid corpus luteum maintenance by LH. However, luteolysis is not necessarily required, and follicular development may occur when high progesterone levels are present. There is therefore no definitive need for a concomitant initiation of GnRH antagonist and gonadotropins; GnRH antagonist can be started later when the follicle cohort reach 12-14 mm in order to prevent secondary LH surge [58, 75, 76] , and this approach applies also for patients presenting during the late follicular phase. These protocols of random start COH and have repeatedly been shown to be as effective as standard early follicular-start protocols in terms of oocyte yield, oocyte maturity rates, and fertilization rates [58, 75, 77] , with a recent study pointing on satisfactory pregnancy outcomes from thawed embryos originating from luteal phase ovarian stimulation in infertility patients [78] .
Conclusions
Breast cancer patients referred for COH for the purpose of fertility preservation represent a unique group of patients, which differ in several aspects from typical infertile patients. Recent advances in COH protocols provide practical options for some of the challenges that breast cancer Fig. 1 Co-administration of tamoxifen (20 mg/day) to COH protocols used for IVF in breast cancer patients. Long luteal GnRH-a (1), antagonist protocol (2) patients present. Regimens aimed to provide protection against the associated hyper-estrogenic state are increasingly being used, and flexible starting points allow adjustment to onco-therapy recommended schedules. Although some inconsistency still exists, it seems that a reasonable ovarian response can be expected in these patients. According to our clinical experience, this holds truth also for BRCA mutation carriers.
To date, there is little information on actual pregnancy/live born rates following stimulation and embryo banking in these patients. While this imperative data is pending, COH should be recommended as long as it does not compromise patient's safety. Seemingly, this is likely to be the case in the majority of newly diagnosed breast cancer patients. The importance of an early referral to fertility preservation experts cannot be overstated. In the face of a recent cancer diagnosis, every young patient who contemplates future pregnancy should clearly be informed with possible reproductive risks and relevant fertility preservation measures. In the following years, information on success rates of these measures will gradually become more available. With the accumulation of such data, efficacies and limitations of all available fertility preservation strategies should be re-examined and defined, along with proper adjustments in clinical recommendations and guidelines.
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